Abstract
hypothesis has yet to be investigated using a molecular epidemiological approach 96 which tracks resistant strains from farms, through urban areas to carriage in patients 97 within a community. 98
Located at the west end of Lake Ontario, Hamilton is home to ~530,000 99 people. Hamilton hosts 12 specialized healthcare facilities and hospitals. Some of 100 these hospitals and healthcare facilities serve as referral centers for patients in 101 southern Ontario, thus there is a frequent influx of patients, including those that are consists of two main demes (urban and agricultural), which we assumed to have 118 frequent gene flow (Fig 1) . Supposing the agricultural population was under a strong 119 triazole selective pressure (Fig 1A) , our proposed model would suggest an eventual 120 convergence of resistant phenotypes and genotypes between agricultural and urban 121 populations due to frequent gene flow between the two populations ( Fig 1B) . In this 122 model, change in allelic frequency (∆q) due to gene flow from the continental to the 123 island population can be calculated using the formula ∆q= -m(qo -Q) (Macdonald 124 2004). Where, m is the proportion migrants in the island population, Q the frequency 125 of resistant strains in the continental population, and qo the frequency of resistant 126 strains in the island population. At equilibrium (qo = Q), after several cycles of gene 127 flow, resistant allele frequency in continental and island populations are expected to 128 converge as well. Prior to equilibrium, qo is expected to be less than Q. Being a 129 D r a f t potential source population for triazole resistance, the environmental population was 130 expected to show a higher allelic and genotype diversities of resistant strains. In 131 addition, environmental and clinical populations were expected to share identical 132 triazole resistant genotypes. 133
134

Materials and Methods
135
Environmental and clinical isolates 136
A total of 781 soil samples were obtained from three agricultural and six urban 137 sites between September 2014 and January 2015 (Fig 2) . Agricultural samples were 138 obtained from three farms around St. George, a township which is ~35km west of 139
Hamilton, Ontario. Wheat, soybeans or barley were grown on these farms. Triazole 140 fungicides were used on these farms every other year for at least the previous 10 141 
Genotyping 171
Genotyping of all isolates was done at nine highly polymorphic microsatellite 172 markers following protocols previously described by Valk and colleagues (Valk et al. fumigatus isolate was obtained from a total of 11 patients, 2 isolates each were 234 obtained from 9 patients, while 3 and 5 isolates were each obtained from 2 patients 235 respectively. When two or more A. fumigatus isolates were obtained from a single 236 patient, they often (9/11) did not share the same microsatellite genotype (Table 1) , 237
suggesting the existence of multiple carriages among Hamiltonian patients. Ten of the 238 fifty-six patients surveyed in this study had unknown triazole histories while 4 patients 239 had previously used either fluconazole or voriconazole within three months prior to 240 their sampling dates. A total of 6 A. fumigatus isolates were obtained from all 4 241 patients who had previously used triazoles. 242
Sixty-two A. fumigatus isolates were each obtained from urban and 243 agricultural soil samples (Table 2) . At the first attempt, A. fumigatus was not isolated 244 from Fields A and B, likely due to limited decay matter available in and around these 245 fields. Given that Field C was surrounded by a notable amount of vegetation and had a 246 higher isolation rate at the first attempt, it was extensively further sampled. This was 247 where all of our agricultural isolates were eventually obtained. Overall, there was no 248 statistically significant difference in isolation rates between urban and agricultural 249 ecological niches. Similarly, the difference in isolation rates among West, Centre, and 250
East Hamilton urban environments was statistically insignificant. The distribution of 251
A. fumigatus isolated by location is shown in Table 2 . populations showed a significantly reduced susceptibility to itraconazole (in both 269 cases, P value < 0.001) (Table 3) . Similarly, spectrophotometry readings revealed that 270 agricultural and clinical populations grew significantly better than the urban 271 population at itraconazole concentrations higher than 0.25mg/L (Fig 3) . Comparably, 272 the clinical population also grew significantly better than the urban and agricultural 273 populations at voriconazole concentrations higher than 0.125mg/L (Fig 3) . These 274 results suggest that even though there is currently no evidence for triazole resistance 275 in A. fumigatus from Hamilton, there is significant evidence of reduced triazole 276 susceptibility in both clinical and agricultural populations. 277
Patterns of diversity and evidence of recombination 278
We found high levels of allelic and genotypic diversities within ecological 279 niche populations of A. fumigatus from Hamilton. Out of 62 urban isolates, we 280 Although slightly skewed in urban and agricultural populations, mating type 302 ratios were also consistent with sexual recombination. Thirty-eight of the urban 303 isolates belonged to MAT1-1 mating type, while 24 were categorized as MAT1-2. 304
Similarly, 40 and 22 agricultural isolates were categorized as MAT1-1 and MAT1-2 305 mating types. The clinical population's mating type ratio was however a lot closer to 306 1:1. However, the mating type loci for 4 clinical isolates could not be amplified using 307 previously described AFM1, AFM2 and AFM3 primers, likely due to polymorphisms 308 Using the epidemiological resistance cutoffs of 2 mg/L, all isolates examined in 331 this study were susceptible to both itraconazole and voriconazole. However, the 332 agricultural and clinical A. fumigatus populations were significantly less susceptible to 333 itraconazole and voriconazole than the urban population (Fig 3) . Likewise, the clinicalD r a f t agricultural population and even more so the urban population (Fig 3) . We 336 hypothesized that in the advent of a significant link between triazole fungicide use and 337 the acquisition of resistance in strains of clinical importance; agricultural and urban 338 populations would share similar triazole susceptibility profiles and be more resistant 339 than the clinical population (Fig 1) . We however found that the urban population was 340 significantly more susceptible to both itraconazole and voriconazole than the other 2 341 populations. Given that we found significant evidence of gene flow, more so between 342 agricultural and urban populations, these results are consistent with independent 343 selective pressures acting on ecological niche populations of A. fumigatus in 344
Hamilton. 345
Two agricultural fungicides used on the sampled farms in this study, 346
propiconazole and tebuconazole, are structurally similar to medical triazoles and they 347 However, a more in-depth analysis of voriconazole susceptibility using 357 spectrophotometry readings revealed that clinical isolates grew significantly better at 358 higher concentrations than agricultural and urban populations (Fig 3) . Escribano and 359 colleagues previously reported that after progressive and direct exposure toD r a f t itraconazole, there was a statistically significant increase in the geometric mean MICs 361
of two other triazoles (Escribano et al. 2012). It is worth noting that although prior 362
itraconazole exposure led to a significant increase in the geometric mean MICs of 363 voriconazole and posaconazole, itraconazole MICs were the most affected among the 364 three triazoles. In this study, although the clinical population showed reduced 365 susceptibility to both itraconazole and voriconazole when compared to the urban 366 population, voriconazole MICs were more affected than itraconazole MICs (Fig 3) . 367
However, given that only 2 patients surveyed in this study had been previously 368 
